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Abstract

Developing varieties that are high yielding and tolerant to both biotic and a biotic stress with
superior quality than the latterly released varieties is the challenging issues in crop improvement.
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However, such question can be answered through another alternative ways. Cytokinin is plant

hormones that found naturally and influence the architecture and yield of plants. Cytokinins are
parts of many plant processes, mainly to promote cell division, cell enlargement, flowering,
fruiting, and delay of aging in leaves, seed development and stress tolerance also involved in the
regulation of plant defense responses against some pathogens. Cytokinin play great role in plant
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breeding due to its great guidance in all plant process. Therefore, understanding the impact
Cytokinin in crop breeding is paramount important. Hence, the aim of this paper is to assess the

role cytokinin in plant breeding.

Introduction

Plant breeding is the science of purposive manipulation
of plants in order to develop desired characters for the
benefit of human through different techniques (Sleeper
and poehlman, 1995). The challenge issue to plant
breeders is to develop varieties that are high yielding and
tolerant to both biotic and a biotic stress with superior
guality in communal methods of breeding. However,
such challenging issue can be achieved in another
alternative ways. Cytokinin is a plant hormone and plays
a key role in breeding target due to their influence on
plant architecture and vyield (Schmdilling,  2004).
Cytokinin are parts of many plant processes and
participates in all stages of development (Chiwocha et
al., 2005; Nikolic et al., 2006; Riefler et al., 2006). It
activates the germination of seed under stresses condition
such as salinity, drought, heavy metals and oxidative
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(Khan and Ungar, 1997; Atici et al., 2005). Cytokinin
break stress-induced dormancy during germination in
tomato, barley and cotton seeds (Bozcuk, 1981).
Cytokinin have significant role in signaling effect for
branch formation, sink strength, control the transition
from the vegetative to the reproductive growth stage
(Riefler et al., 2006; Heyl et al., 2012). Cytokinin is
active in nodule formation in legumes crop (Murray et
al., 2007; Santner et al., 2009). Crop yield can be
maximized through increased seed number or seed size
and quality improved potentially through the
manipulation of transporters such as those loading amino
acids or sugars into developing seeds. The plant hormone
group, the cytokinins, is strongly impact in seed vyield,
both in terms of seed number and seed size. Cytokinin
also have pivotal role in developing both biotic and a
biotic stress tolerance crops. Hence, the aim of this paper
is to review the role cytokinin in plant breeding.
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Effect of Cytokinin on Preventing Leaf Senescence

Leaf is an important plant organ where carbohydrates,
nutrients and some novel compounds are produced. Plant
leaf is the key source for grain filling (Gan and Amasino,
1995). Leaf senescence is an important trait in crop
improvement for increasing crop yield and improving
quality of horticultural crops such vegetables after
harvest (Guo and Gan, 2014). Transgenic plants
harboring this system displayed significant delay in leaf
senescence, substantial increase in yield and biomass,
enhanced tolerance to drought and other stresses, and
remarked improvement in postharvest performance.

The effect of cytokinin is well documented on senecence
delaying (Paul, et al.). Other similar senescence
associated gene promoters have also been used. This
cytokinin biology based technology is approaching
commercialization (Gan and Amasino, 1997).

The transcription factor biology-based technology can be
exemplified using AtNAP. AtNAP is a senescence-
specific transcription factor that regulates leaf (and fruit)
senescence (Kou X et al., 2012). Knocking out or down
of this gene in Arabidopsis led to nearly 50% increase in
leaf ’s photosynthetic longevity.

In principle, knocking out or down of its counterpart
gene in a crop should lead to the similarly delayed leaf
senescence phenotype and enhanced grain yield. This
was well observed in maize and rice. Maize plants with
suppressed ZmNAP expression had 15-30% increases in
1000-seed weight, and rice plants with suppressed
OsNAP expression showed up to 24% increase in rice
grain yield is reviewed.

Most recently up to 10.3% increase in rice grain yield
was also observed in the OsNAP-down-regulated rice
lines (Liang et al., 2014). In other crops including
soybean and cotton this technology is applied. A study
that regulated leaf senescence in tobacco leaves found
that wild-type leaves yellowed while transgenic leaves
remained mostly green.

It was hypothesized that cytokinin may affect enzymes
that regulate protein synthesis and degradation (Wingler
et al., 1998). Hence leaf senescence is an imperative trait
that negatively impacts on crop yield and quality. With
the increasingly understanding of regulatory mechanisms
of leaf senescence, emerging new technologies targeting
the leaf senescence trait have been, and will continue to
be, developed for crop improvement.
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Effect of Cytokinin on Yield Improvement

Seed development is occur in two distinct phases. A
positive correlation between cytokinin levels and the
phase of cell division has been shown in developing
fruits and seeds, in Cereals such as maize, wheat, rice,
and barley have sharp, transiently elevated endogenous
cytokinin levels immediately after anthesis. In wheat, for
example, the sharp increase in endogenous cytokinins
occurs during the phase of rapid endosperm nuclear and
cell division in the developing grain a phase critical in
establishing final sink size. Similar conclusions were
reported for maize (Brugiére et al., 2008) and rice (Yang
et al., 2003). Cytokinins is strongly implicated in seed
yield, both in terms of seed number and seed size.

On seed size and sink activity, the cytokinin biosynthetic
gene family (the IPTs) and the gene family key to the
destruction of cytokinins (the CKXs), as well as other
gene families potentially affected by changing cytokinin
levels that can supress or depress the activity of some
genes.

In soybean and lupin had shown that treatment with
cytokinins increased pod set and/or delayed abscission of
flowers and young pods (Crosby et al., 198) indicating
that cytokinin might be limiting in these processes in
legumes. Carlson et al.,, (1987) showed that the
application of the cytokinin 6-benzylaminopurine (6-
BAP) to soybean significantly increased pod initiation by
58% and doubled the number of positions which had a
100% probability of setting pods.

Similarly in lettuce addition of cytokinin (kinetin)
product, increased yields when the product was applied
twice after head formation (Jorge, 2004). In a field trial,
application cytokinin increased the yield of rice by
45.8% compared to control (Zahir et al., 2001). The
transgenic tobacco showed increased seed weight, and
increased carbohydrate and protein content by 7-8%,
without any morphological abnormalities (Yang et al.,
2003).

Carlson (1987 indicated that the probability that a flower
will produce a mature pod is dependent upon the total
amount of cytokinin available to that flower throughout
reproductive development, there is a close association
between cytokinin flux and pod set in soybean, and the
ability to enhance pod set through exogenous
applications of 6-BAP. They stressed that to obtain
significant increases in seed yield would require either a
substantial increase in pod number or the identification
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of mechanisms by which seed size could be maintained
despite the increased reproductive load.

The Role of Cytokinin in Mitigation of Salt Stress in
Crop

Cytokinin can also enhance resistance to salinity and
high temperature in plants (Barciszewski et al., 2000).
Seed enhancement (seed priming) with cytokinins is
reported to increase plant salt tolerance (Igbal et al.,
2006a). It was hypothesized that cytokinins could
increase salt tolerance in wheat plants by interacting with
other plant hormones, especially auxins and ABA (lgbal
et al., 2006a). Exogenous application of Kkinetin
overcame the effects of salinity stress on the growth of
wheat seedlings (Naqvi et al., 1982) and treatment of
potato plants with kinetin prior to salt stress diminished
salt-related growth inhibition (Abdullah and Ahmad,
1990). However, earlier studies reported that application
of kinetin to bean plants during salinity stress
exacerbated its effects (Kirkham et al., 1974).

The Role of Cytokinin to Develop Drought Tolerant
Crop

Drought is a major factor in crop production,
accumulation of osmotic compounds such as proline and
changes in phytohormones are some of the most
common response of plant to drought stress, proline
accumulation is associated with improvement in drought
tolerance in plant and evidence indicate that plant
physiological fitness is largely governed by plant
hormones. It is reported that application of exogenous
cytokinin can improve tolerance to drought this is
reported in many crop such as in turf grass, rice,
soybean, potato (Zhang and Ervin, 2004).

One study found that applying cytokinin to cotton
seedlings led to a 5-10% vyield increase under drought
conditions(Kazan k, 2015), similar transgenic tomato and
maize with enhanced plant hormones are reported for
drought tolerance, based on the ability of cytokinin to
enhance plant cell division and regulate a range of plant
activities including seed germination. (Miller et al.,
1955) and have role in developing drought tolerant crop.
They can also affect the activities of meristemic cells in
roots and shoots, as well as leaf senescence. In legumes
nodule formation is severely affected by drought and
cytokinin are effective in nodule formation during
establishment of the N2-fixing symbiosis and other
interactions between plant and microbes (Murray et al.,
2007; To and Kieber, 2008; Santner et al., 2009).
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Cytokinin for Large Flower Size

Large flower size is one of the important traits that
decide the economic success of a floricultural plant. This
is clearly illustrated by the fact that many floricultural
plants have relatively larger flowers than their
corresponding wild species. However, a large flower trait
takes a long time to breed because of the rare occurrence
of mutations in genes responsible for flower size
(Nishijima, 2007). Recent studies using model plants,
such as Arabidopsis, has illustrated that flower size
depends mainly on genes mediating plant hormone
biosynthesis and signal transduction. Cytokinin response
had great for the induces of large flower phenotype
(Nishijima et al., 2006).

Cytokinin is a class of plant specific hormones that play
a central role during the cell cycle and influence
numerous developmental activities. Cytokinins are
involved primarily in cell growth and differentiation, but
also affect apical dominance, axillary bud growth, and
leaf senescence. Recent report clearly indicates that
cytokinin is used in various breeding program such as,
yield increment. Cytokinins can also enhance tolerance
to the most challenging and changing biotic stress such
as drought, salinity and high temperature. The
application of enhanced plant hormones is greatly
importance in breeding program that aid in developing
important traits that are un-addressed by conventional
breeding. The biological activities and chemistry of
cytokinins are well defined but information is scant
about their mode of action.
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